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Abstract
This paper presents a novel experimental design to greatly improve the calibration accuracy of the acceleration-insensitive 
bias and the acceleration-sensitive bias of the dynamically tuned gyroscopes (DTGs). In order to reduce experimental cost, the 
D-optimal criteria with constraints are constructed. The turntable positions and the number of test points are chosen to build 
D-optimal experimental designs. The D-optimal experimental designs are tested by multi-position calibration experiment for 
tactical-grade DTGs. Test results show that, with the same cost, the fit uncertainty is reduced by about 50% by using the 
D-optimal 8-position experimental procedure, compared to using a defacto standard experimental procedure in ANSI/IEEE Std 
813-1988. Furthermore, the new experimental procedure almost achieves optimal accuracy with only 12-position which is half 
the cost of the widely adopted 24-position experimental procedure for achieving optimal accuracy. 
Keywords: optimization methods; calibration; gyroscopes; error compensation; design for testability 
1. Introduction1
Dynamically tuned gyroscopes (DTGs) as two-de- 
gree-of-freedom gyroscopes have been widely de-
ployed as instruments for sensing the angular rate of 
defined axis for many years. Calibration is an essential 
step for DTGs to evaluate the sensor errors and com-
pensate them[1]. The performance of DTGs is greatly 
dependent on the accuracy of these estimated errors in 
the calibration process. 
Calibration methods are categorized into conven-
tional methods and modern methods[2]. Modern cali-
bration procedures use the Kalman filtering scheme to 
obtain an optimal estimate of the calibration parame-
ters. Its use is primarily limited to navigation due to its 
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drawbacks of gyro parameters observability depending 
on the maneuver, as well as complication associated 
with computational burden and numerical stability of 
calibration Kalman filter design[3-5]. Conventional cali-
bration procedures such as the multi-position tests are 
still the most widely used lab calibration methods[6].
However, conventional calibration is an expensive and 
time-consuming process[6-7]. The calibration procedure 
or test procedure needs to be carefully designed to 
minimize the cost and optimize the accuracy of esti-
mates. 
There are some existing works on conventional cali-
bration procedure design. IEEE has published a docu-
ment defining 8-position test procedures for testing 
DTGs to extract estimates of the acceleration-in- sensi-
tive bias and the acceleration-sensitive bias[8]. A sample 
set of rotations which included 11-position of a 
two-degree-of-freedom turntable was described to ex-
tract estimates of the gyro’s fix bias, g-dependent er-
rors and mounting misalignment of conventional 
gyro[6]. A 18-position procedure was designed to pro-
vide data sufficient for platform-mounted DTG cali-
brations[2]. A 6-position procedure was given by Cho, 
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et al.[9] to estimate the gyros bias of micro-electro-me- 
chanical-systems (MEMS)-type redundant inertial 
measurement unit (RIMU). Zhang, et al.[10] proposed 
another 18-position calibration procedure to calibrate a 
static inertial measurement unit (IMU) without the 
need of accurate turntable. However, both of the cali-
bration processes used empirical parameter-setting and 
provided no evidence or proof of optimization in terms 
of accuracy and cost. It is clearly desirable to have a 
theory-based systematic approach to optimize the cali-
bration procedure with maximized accuracy and mini-
mized cost. 
To achieve this goal, optimal calibration procedure 
based on D-optimal designs is designed. D-optimal 
designs[11-12] are widely and effectively used to design 
experiments for the specific problem of interest in an 
optimal way[13-16]. In the inertial sensor literature, 
Gianchandani, et al.[17] compared two optimization cri-
teria using parametric modeling of a micro acceler-
ometer and demonstrated that D-optimal experiment 
designs performed very well. However, to the authors’ 
best knowledge, the problem of designing an optimal 
calibration experiment for DTGs has not been studied 
before.
A new low-cost calibration experimental procedure 
based on D-optimal design methodology is designed to 
achieve optimal calibration accuracy of DTGs in this 
paper.  
2. Drift Model of DTGs 
In order to calibrate the DTG drift, a drift model 
specifying the relationship between the input elements 
and the gyro drift outputs must be defined, and the 
coefficients in the drift equations must be determined. 
The DTG drift model in IEEE standard[8], which in-
cludes many general error terms, is usually regarded as 
a general and complex model. In practice, the number 
of error terms included in the drift model by making 
tradeoffs between accuracy and simplicity/usability of 
the mode has to be heuristically chosen. In this paper, 
how to calibrate acceleration-insensitive bias and the 
acceleration-sensitive bias, which are considered to be 
the major error terms that influence the performance of 
DTGs[1,6,18], are focused. 
Fig.1 shows the mutual orientation of DTG torquer 
coordinate system Oxyz established by the DTG 
torquers, and the three-axis turntable coordinate system 
OXYZ on which the DTG is fixed. Oz coincides with 
the spin axis. Ox and Oy are output axes. OX, OY and
OZ are the inner axis, the middle axis and the outer 
axis of the turntable coordinate system respectively. 
Oxyz is usually a nonorthogonal coordinate system, 
while OXYZ is an orthogonal coordinate system. His
the angle between OX and ox, and [ the angle between 
Oy and Oyc. 0.5S[ is the angle between Ox and Oy.
Thus, the expression of the DTG drift model in OXYZ
can be described as 
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where D(X) and D(Y) are the DTG drift rates about OX
and OY; aX, aY and aZ the accelerations along OX, OY
and OZ; D(X)F and D(Y)F acceleration-insensitive bias 
coefficients; D(X)X and D(Y)X drift rate coefficients 
about OX and OY, attributable to acceleration along 
OX; D(X)Y and D(Y)Y drift rate coefficients about OX
and OY, attributable to acceleration along OY; D(X)Z
and D(Y)Z drift rate coefficients about OX and OY, at-
tributable to acceleration along OZ; nX and nY zero-
mean random bias. 
Fig.1  Relationship between OXYZ and Oxyz.
The angular rate measurement xZ  and yZ  provided 
by DTGs may be expressed mathematically in terms of 
the true input angular rate and the drift terms in Oxyz
as follows: 
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where Zx and Zy are the turn rates of the gyroscope 
about its input axes. In the laboratory test, they are the 
earth rate projected in the DTG torquer coordinate sys-
tem. D(x) and D(y) are the drift rates along input axes 
of the gyroscope. 
Based on the dynamics of DTGs, the input rate 
about Ox will be balanced by Oy torquer, and the input 
rate about Oy will be balanced by Ox torquer. Thus, the 
relationship between the currents applied to the torquer 
and the angular rate measurements is shown as 
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where KTx and KTy are composite command rate scale 
factors about the gyroscope input axes, ix and iy the 
torquer currents about its input axes. 
The angular rate measurements XZ  and YZ  in the 
turntable coordinate system are the nonorthogonal 
transformation from torquers to turntable coordinates 
by 
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Taking into account Eqs.(1)-(4), we have 
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where ZX and ZY are the earth rate projected in the 
turntable coordinate system. Let 
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It is now possible to rewrite Eq.(5) as 
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Therefore, calibrating the drift of DTGs depends on 
estimating the model’s unknown parameters. The pa-
rameters in Eq.(7) to be estimated are U=[U0 U1 U2
U3 U4 U5]T about OX and V=[V0 V1 V2 V3 V4
V5]T about OY. The matrix formulation of these equa-
tions can be represented as 
b = +Y FE [                 (8) 
where E is the estimated parameter vector for each 
axis, Yb the value of torquer currents, F matrix of the 
contributions of gravity and earth rate projected values 
in each position of turntable coordinate system, and [
the experimental errors. This is the general formulation 
of a linear identified model. Because the experimental 
procedure during the data collection phase will affect 
the properties of the identified model[14], it is important 
to design an effective and cost-efficient experiment 
procedure for collecting valuable measured data of 
torquer currents in order to identify the estimated pa-
rameters shown in Eq.(8) with high quality. 
3. A Novel D-optimal Calibration Experimental 
Procedure for DTGs 
3.1. Experimental procedure design criteria 
The optimal experimental design based on optimal 
design theory has been the focus of the statisticians’ 
works on parameter estimation[11,12,19]. To minimize the 
uncertainty of the parameter estimates, several opti-
mality criteria have been proposed[20]. The most com-
monly used criterion is called the D-optimal experi-
mental design criterion which minimizes the confi-
dence regions of the estimated parameters[13-14]. Typi-
cally with a linear model like Eq.(8), the optimization 
can be carried out by using least square method. De-
note Eˆ  as the estimate vector of the unknown parame-
ters, and then the expression of the optimal estimated 
parameter vector according to the least squares estima-
tion method can be obtained: 
T 1 T
b
ˆ = ( )E F F F Y               (9) 
If FTF is full rank, the variance-covariance of the 
least squares estimates Eˆ  is 
2 T 1ˆVar( ) ( )V  F FE             (10) 
The covariance of the estimated parameters depends 
not only on the variance of the experimental errors V 2 ,
but also on the matrix (FTF)1. The variance of the 
experimental errors is irrelevant to experimental de-
signs, since it is the same for all different designs for a 
specific experiment. However, the matrix (FTF)1 con-
tains the products of the sensitivity coefficients which 
are the derivatives of the experimental process vari-
ables with respect to the estimated parameters. 
The matrix  
T=M F F                 (11) 
is defined as the Fisher information matrix. Based on 
minimum of asymptotic confidence regions for the 
maximum likelihood estimates, the D-optimal criterion 
is defined in Ref.[11] and Ref.[16] as 
1( ) (det ))  ( )M M            (12) 
A D-optimal design N over the region * is achieved 
by minimizing ) (M) or, equivalently, maximizing the 
determinant of the Fisher information matrix. 
( ) min ( ( )) max det( ( ))D N * N *N ) N N

 
  M M   (13) 
From Eq.(7) one can see that when the data of  
torquer currents are available, the expected Fisher in-
formation matrix is the input function of F, i.e., the 
design matrix of experiments, which depends on the 
projected elements of earth rate and gravity. These 
projected values are decided by positions of turntable. 
Therefore, in the case of DTGs, to maximize the de-
terminant of M means to find the optimal design with 
optimal position scheme of turntable. 
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Assume that ; is an experimental procedure, which 
is used to calibrate the drift of DTGs described in 
Eq.(7). The experimental procedure is composed of 
n(nZ+) tests defined as (zk)k[1,n]. Each test zk corre-
sponds to a test point of ;, which is generated by input 
vector Pk=[1 ZXk ZYk aXk aYk aZk]. ZXk, ZYk,
aXk, aYk, and aZk are the values of ZX, ZY, aX, aY, and aZ
at test point k. As a result, every experimental proce-
dure can be mathematically represented as  
{ ( ) | [1, ], }k kz k n n
  Z; P       (14) 
with associated outputs Yk=[ix iy]T.             
It is shown that a D-optimal design can be achieved 
with p n p(p+1)/2[11], where p is the number of pa-
rameters to be estimated. From Eq.(7) one can see that 
there are 6 unknown parameters for each output axis, 
so the optimal number of measurement points must 
exist in [6, 21]. 
The test points of DTGs under calibration are made 
in the turntable coordinate system. The calibration re-
quirement here is to improve and maximize calibration 
accuracy of specific instrument parameters, which are 
the coefficients of g0 and g1 drift errors, and hence the 
test points must observe these errors with sufficient 
precision and reduce propagation of negligible g2 drift 
errors. In this case, the turntable coordinate system to 
be coincident with local geographic orientated coordi-
nate system is set. Thus, the global region of test points 
is 24 geographic orientated positions of turntable. 
One of the most important considerations is the ex-
periment cost. The cost of calibration experiment rises 
in proportion to the number of test points. In order to 
minimize the cost, optimal experiment procedure with 
the least number of test points should be found. 
Taken into account the above limitations of experi-
ments, the objective function of optimal experimental 
design for DTGs is then given as follows: 
^ `
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where E is the global region of test points and Fn=[P1
P2 … Pn]T the design information matrix of n test 
points. In Eq.(15), different from typical D-optimal 
design, the factor of experiment cost is considered by 
adding the inverse of the number of test points in the 
objective function, which ensures that the accuracy of 
parameter estimation is improved with the decrease of 
cost.
3.2. Optimization process 
A popular solution to D-optimal design is the ex-
change algorithms, which successively remove and add 
points starting from an initial arbitrarily chosen point. 
In general, the exchange algorithms are attempting to 
find a local optimal solution[12,14,21]. Furthermore, it is 
difficult to apply an exchange algorithm in our optimal 
design due to the constraints shown in Eq.(15). How-
ever, as discussed above, these constraints limit the 
number of candidate points. All the input candidate 
points are listed in Table 1, where : is the earth rate 
and I the local latitude. Thus, to ensure that the maxi-
mum of the objective function is global rather than 
local, the search procedure of global region which in-
cludes all candidate points in Table 1 is illustrated in 
Fig.2. 
Fig.2  Procedure for searching optimal experiment.
Under our laboratory conditions that the earth rate is 
15.041(q)/h and the local latitude 39.913 6q, the maxi-
mum value for each experimental procedure, which is 
composed of different quantities of test points in the 
input domain, is shown in Fig.3. It is shown that the 
Fig.3  Maximum objective function value and correspond-
ing different numbers of test points. 
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optimal number of test points for DTGs is 12 because a 
big improvement is achieved by increasing the number 
of test points from 6 to 12 and little is gained by going 
beyond that number until 23. Furthermore, the objec-
tive function value achieved by 12 test points is the 
same as that by 24 test points. The result shows that the 
new 12-position experimental procedure can greatly 
improve the calibration accuracy, while the experi-
mental cost is reduced by half, compared to using 
24-position experimental procedure which is widely 
accepted in practice as the way to achieve the best ac-
curacy in this calibration case.  
If the number of test points is fixed, the optimal ex-
periment with fixed test points is also given by follow-
ing the global region search procedure. The optimal 
experimental procedures with 6, 8 and 12 test points 
are described in Table 2, Table 3 and Table 4. These 
should be compared with the test procedure of IEEE 
Specification for DTGs in Table 5. 
These experimental procedures give the objective 
function values as shown in Table 6. It is demonstrated 
that the quality of the estimations made in the test pro-
cedure of IEEE Specification can be improved. In fact, 
the objective function value increases by 5.6 times for 
the optimal 6-position test procedure, 7.9 times for the 
optimal 8-position test procedure, and 9.4 times for the 
optimal 12-position test procedure than the test proce-
dure of IEEE Specification, respectively. From a 
physical point of view, these D-optimal experimental 
procedures occupy a much wider space than the IEEE 
one, which explains that these experimental procedures 
give better estimates. 
Table 1  Global candidate points for experimental design 
Orientation of three-axis turntable Projection of earth rate/((°)·hí1) Projection of gravity/g
Input point 
OX OY OZ ZX ZY aX aY aZ
1 North West Up : cos I 0 0 0 1 
2 West South Up 0 : cos I 0 0 1 
3 South East Up : cos I 0 0 0 1 
4 East North Up 0 : cos I 0 0 1 
5 North East Down : cos I 0 0 0 1
6 East South Down 0 : cos I 0 0 1
7 South West Down : cos I 0 0 0 1
8 West North Down 0 : cos I 0 0 1
9 North Up East : cos I : sin I 0 1 0 
10 Up South East : sin I : cos I 1 0 0 
11 South Down East : cos I : sin I 0 1 0
12 Down North East : sin I : cos I 1 0 0 
13 North Down West : cos I : sin I 0 1 0
14 Down South West : sin I : cos I 1 0 0 
15 South Up West : cos I : sin I 0 1 0 
16 Up North West : sin I : cos I 1 0 0 
17 East Down North 0 : sin I 0 1 0
18 Down West North : sin I 0 1 0 0 
19 West Up North 0 : sin I 0 1 0 
20 Up East North : sin I 0 1 0 0 
21 East Up South 0 : sin I 0 1 0 
22 Up West South : sin I 0 1 0 0 
23 West Down South 0 : sin I 0 1 0
24 Down East South : sin I 0 1 0 0 
Table 2  Optimal 6-position experimental procedure 
Orientation of three-axis turntable 
Test point 
OX OY OZ 
Design matrix 
1 Up North West 
2 North Down West 
3 Down North East 
4 North Up East 
5 South East Up 
6 East South Down 
6
1 sin cos 1 0 0
1 cos sin 0 1 0
1 sin cos 1 0 0
1 cos sin 0 1 0
1 cos 0 0 0 1
1 0 cos 0 0 1
: I : I
: I : I
: I : I
: I : I
: I
: I
ª º« » « »« »  « »« »« »« » « »¬ ¼
F
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Table 3  Optimal 8-position experimental procedure 
Orientation of three-axis turntable 
Test point 
OX OY OZ 
Design matrix 
1 Up North West 
2 North Down West 
3 Down North East 
4 North Up East 
5 South East Up 
6 West South Up 
7 East South Down 
8 South West Down 
8
1 sin cos 1 0 0
1 cos sin 0 1 0
1 sin cos 1 0 0
1 cos sin 0 1 0
1 cos 0 0 0 1
1 0 cos 0 0 1
1 0 cos 0 0 1
1 cos 0 0 0 1
: I : I
: I : I
: I : I
: I : I
: I
: I
: I
: I
ª º« » « »« » « »« » « »« »« »« » « »« » ¬ ¼
F
Table 4  Optimal 12-position experimental procedure 
Orientation of three-axis turntable 
Test point 
OX OY OZ 
Design matrix 
1 Up North West 
2 North Down West 
3 Down South West 
4 South Up West 
5 Down North East 
6 North Up East 
7 Up South East 
8 South Down East 
9 East South Down 
10 West North Down 
11 South East Up 
12 North West Up 
12
1 sin cos 1 0 0
1 cos sin 0 1 0
1 sin cos 1 0 0
1 cos sin 0 1 0
1 sin cos 1 0 0
1 cos sin 0 1 0
1 sin cos 1 0 0
1 cos sin 0 1 0
1 0 cos 0 0 1
1 0 cos 0 0 1
1 cos 0 0 0 1
1 cos 0 0 0 1
: I : I
: I : I
: I : I
: I : I
: I : I
: I : I
: I : I
: I : I
: I
: I
: I
: I
ª º« » « »« »  « »« »« » « »« « ««   «  «« « ««¬ ¼
F
»»»»»»»»»»
Table 5  8-position experimental procedure of IEEE Specification 
Orientation of three-axis turntable 
Test point 
OX OY OZ 
Design matrix 
1 North West Up 
2 West South Up 
3 South East Up 
4 East North Up 
5 Down West North 
6 West Up North 
7 Up East North 
8 East Down North 
8
1 cos 0 0 0 1
1 0 cos 0 0 1
1 cos 0 0 0 1
1 0 cos 0 0 1
1 sin 0 1 0 0
1 0 sin 0 1 0
1 sin 0 1 0 0
1 0 sin 0 1 0
: I
: I
: I
: I
: I
: I
: I
: I
ª º« »« »« »« »« »c  « » « »« »« »« »« » ¬ ¼
F
Table 6  Objective function values of different experi-
mental procedures on condition that earth rate 
is 15.041 (q)/h and local latitude is 39.913 6q
Procedure Number of test points
Objection function 
value 
Optimal 6-position 6 97.196 3 
Optimal 8-position 8 138.390 9 
Optimal 12-position 12 164.018 8 
IEEE Specification 8 17.298 9 
4. Experimental Results 
In order to test the efficiency of D-optimal experi-
mental design outlined in the previous sections, a cali-
bration experiment for a tactical-grade DTG has been 
conducted in our laboratory setting to compare calibra-
tion results computed with the experimental procedure 
of IEEE Specification and the optimal experimental 
procedures. A three-axis turntable shown in Fig.4, 
whose position accuracy is less than 1s, is utilized to 
get the values of the earth rate measured by DTGs and 
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the gravity in its axis along with the local geographic 
orientated coordinate system.  
Fig.4  Three-axis turntable. 
The DTG is mounted on the three-axis turntable ac-
cording to the instructions provided by the gyro manu-
facturer. Care must be taken to minimize misalign-
ments. The object of this test is to obtain an estimate of 
the parameters in Eq.(7) of DTGs by placing the turn-
table axes following the experimental procedures 
shown in Tables 2-5, and measuring the torque re-
quired to balance the gyro in each of the orientations. 
This measurement is in the form of a voltage across a 
current-sampling resistor in the capture loop of each 
output axis, and the corresponding output is converted 
by the voltage-to-frequency converter. This output is 
sampled by the data acquisition system.  
The three-axis turntable is carefully rotated accord-
ing to Table 1. At each position the torquer outputs 
should be stabilized and recorded for 2 min. These 
measurements of Ox and Oy are shown in Fig.5. 
Based on Tables 2-5, four separate sets of test points 
from the measurements shown in Fig.5 are selected, to 
construct the measurements of the optimal 6-position 
procedure, the optimal 8-position procedure, the opti-
mal 12-position procedure and the test procedure of 
IEEE Specification respectively. Some test points are 
common to these four different procedures. 
The four separate sets of test points are used to cal-
culate the coefficients of Eq.(7), and resulted values 
are listed in Table 7. The absolute residuals or fit errors 
(measurements minus predictions) at all 24 test points 
shown in Fig.5, including those not used to determine 
the model coefficients, are shown in Fig.6. Besides 
those by using D-optimal experimental procedures and 
IEEE Specification procedure, the absolute fit errors by 
using 24-position procedure are also shown in Fig.6. 
When the optimal 12-position procedure is used, the 
absolute fit errors are entirely within 2.5 pulses for 
both Ox and Oy. Since the maximum torquer output 
observed in this experiment exceeds 250 pulses, the fit 
errors are very small. 
Fig.5  Measurements of Ox and Oy corresponding to different positions in Table 1. 
Table 8 lists the differences of fit errors between the 
optimal 6-position procedure, the optimal 8-position 
procedure, the optimal 12-position procedure, 24-posi- 
tion procedure and the IEEE Specification procedure, 
expressed as a percentage of the relative variance val-
ues between the optimal procedures and the IEEE 
Specification procedure. These tables confirm that, in 
comparison with the IEEE experimental design, the 
optimal designs yield better calibration results, espe-
cially in the optimal 8-position experimental design 
which has the same experimental cost as IEEE Speci-
fication design. However, the variance of fit errors is 
only about 43% for Ox and 51% for Oy respectively, of 
that of the IEEE Specification design. Furthermore, the 
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Table 7  Coefficients in Eq.(7) for different designs 
Procedure U0/pulse U1/(pulse·h·(q)1) U2/( pulse·h·(q)1) U3/(pulse·g1) U4/( pulse·g1) U5/( pulse·g1)
Optimal 6-position í31.315 6 í0.052 5 13.913 6 í4.060 4 39.852 5 í1.664 6 
Optimal 8-position í30.878 1 í0.073 0 13.858 2 í3.862 6 40.386 7 í1.262 5 
Optimal 12-position í31.089 6 0.001 8 13.884 0 í4.798 7 40.037 4 í0.483 3 
IEEE Specification í31.218 8 0.097 9 13.843 2 í7.719 6 40.298 0 í0.022 9 
Procedure V0/ pulse V1/( pulse·h·(q)1) V2/( pulse·h·(q)1 ) V3/( pulse·g1) V4/( pulse·g1) V5/( pulse·g1)
Optimal 6-position í87.214 6 13.650 9 í0.013 5 39.387 3 4.376 6 0.683 3 
Optimal 8-position í86.857 3 13.616 8 í0.041 4 39.716 8 4.644 9 0.610 4 
Optimal 12-position í86.924 3 13.627 4 0.010 7 39.637 4 4.190 3 í0.256 2 
IEEE Specification í86.700 0 13.607 7 í0.174 1 39.820 6 7.717 5 í0.364 6 
Fig.6  Absolute residuals generated for all 24 test points using the fits. 
Table 8  Relative variance of residuals between optimal 
experimental procedures and IEEE Specifica-
tion procedure 
Procedure Relative variance of Ox/ˁ
Relative variance of 
Oy/ˁ
Optimal 6-position 52 59 
Optimal 8-position 43 51 
Optimal 12-position 37 40 
Optimal 24-position 33 36 
variance of fit errors of the optimal 12-position ex-
perimental design is about 37% for Ox and 40% for Oy
respectively, compared to the IEEE Specification de-
signed experiment. The variance of fit errors of optimal 
24-position experiment is about 33% for Ox and 36% 
for Oy respectively, compared to the IEEE Specifica-
tion designed experiment. Therefore, these calibration 
results are only 4% difference between the optimal 
12-position experiment and optimal 24-position ex-
periment. It is shown that the calibration accuracy of 
the optimal 12-position experiment is very close to that 
by using optimal 24-position procedure with half ex-
perimental cost. 
5. Conclusions 
(1) The calibration accuracy of DTGs strongly de-
pends on the experimental design. The optimal ex-
periment procedures greatly improve the precision of 
the DTG drifts estimate in comparison to the defacto 
standard IEEE Specification procedure.  
(2) With the same experimental cost, the optimal 
8-position experimental procedure reduces the fit un-
certainty by 57% for Ox and by 49% for Oy respec- 
tively, compared to the IEEE Specification procedure.  
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(3) The optimal 12-position experimental procedure 
is the best in terms of the calibration accuracy and cost 
combination among all optimal experiment procedures. 
The optimal 12-position experimental procedure al-
most achieves optimal accuracy that has been consid-
ered achievable only by optimal 24-position experi-
mental procedure in practice, while the experimental 
cost is only half of the optimal 24-position experimen-
tal procedure. It reduces the fit uncertainty by 63% for 
Ox and 60% for Oy respectively, compared to using the 
IEEE Specification designed experiment. 
Future research topics are as follows. First, optimal 
experiment procedure will be designed to calibrate the 
acceleration square sensitive drift as well as the accel-
eration independent drift, the acceleration dependent 
drift, the scale factor and nonorthogonality. Second, 
more efficient search algorithms will be found for use 
in the experimental design. Finally, the optimal design 
in other types of gyroscopes will be applied. 
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